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(57)Abstract: 

PURPOSE: To obtain a soft magnetic thin film which is 
kept low in coercive force even after it is subjected to a 
high-temperature thermal treatment by a method 
wherein the soft magnetic thin film is formed of Ni-Fe 

Which is prescribed in Ni content. ^-iawaiK^**) 
CONSTITUTION: A soft magnetic thin film is formed of 4 ^ 

Ni-Fe alloy, wherein the Ni content of the Ni-Fe alloy is 
set to 30 to 80wt%. The lower magnetic layer 4 and the (-^^.i) 
first magnetic film 9-1 and the second magnetic film 9-2 
of the upper magnetic layer 9 of a thin film magnetic 
head 1 are formed of the above soft magnetic thin film 
by electroplating. The coercive force of the soft 
magnetic thin film is kept lower than 10e even after the 
magnetic thin film is subjected to a thermal treatment * 0&<n 

which is carried out at a temperatures of 350° C or 
above. By this setup, the lower magnetic layer 4 and the 
upper magnetic layer 9 previously provided are kept 
lower in coercive force than 10e and higher in 
permeability than 1000 even after the layers are 

subjected to annealing carried out at a high temperature, so that a thin film magnetic head of 
high characteristics can be obtained. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] With a nickel-Fe alloy, the coercive force after membrane formation is 1 Oe. The 
coercive force after receiving heat treatment at the temperature which sets up the content of 
nickel to 30 - 80wt%, and exceeds 350 degrees C after membrane formation in the soft- 
magnetism thin film formed by the following soft magnetic materials is 1 Oe. Soft-magnetism thin 
film which maintains the following. 

[Claim 2] The coercive force after setting the content of nickel as more than 70wt% and less 
than [ 80wt% ] and receiving heat treatment of 350 ** -520 degree C after membrane formation 
is 1 Oe. Soft-magnetism thin film of the claim 1 which maintains the following. 
[Claim 3] The soft-magnetism thin film of the claims 1 or 2 to which the permeability mu after 
receiving heat treatment maintains 1000 or more. 

[Claim 4] The claim 1 which are 0.1 5<=I (200) / I (111 )<=0.3 when peak intensity of the field in an 
X diffraction (200) and peak intensity of a face-centered cubic (111) side are set to I (200) and I 
(111), respectively, mainly including a face-centered cubic phase, or one soft-magnetism thin 
film of 3. 

[Claim 5] the mean particle diameter {that for which it asked from the half-value width of 2theta 

of the diffraction (111) line of an X diffraction} of the grain after receiving heat treatment — 

120-370A it is — a claim 1 or one soft-magnetism thin film of 4 

[Claim 6] The claim 1 formed by electroplating, or one soft-magnetism thin film of 5. 

[Claim 7] The thin film MAG device which was equipped with the claim 1 or one soft-magnetism 

thin film of 6, and received heat treatment at the temperature which exceeds 350 degrees C 

once [ at least ] in the manufacturing process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a soft-magnetism thin film and the thin film MAG 

device which used it. 

[0002] 

[Description of the Prior Art] The soft magnetic characteristics which were [ saturation 
magnetic flux density / high / low coercive force, ] excellent are required of the magnetic thin 
film of the thin film magnetic head or a thin film transformer. 

[0003] Although it is common to be formed by the liquid phase forming-membranes methods, 
such as the gaseous-phase forming-membranes methods, the galvanizing methods, etc., such as 
a spatter, as for these magnetic thin films, membrane formation of a large area is easy, and 
moreover a homogeneous high film is obtained, and the galvanizing method, especially 
electroplating have the advantage that there are few processes and a facility is cheap. 
[0004] Since it is such, the electrodeposted permalloy (nickel-Fe alloy) film is widely used as a 
thin-film-head magnetic pole material now. 

[0005] A permalloy is the general term of the soft magnetic materials of a NiFe alloy, and a 
respectively characteristic material is known for latus composition of PC (77~81%nickel-Fe), PB 
(40-50%nickel-Fe), PE (50%nickel-Fe), PD (36%nickel-Fe), etc. in JIS. Moreover, there is also a 
36% nickel-Fe alloy of low-fever expansion coefficients known as an Invar. 
[0006] The permalloy thin film by the electrodeposition process is widely examined as a soft- 
magnetism thin film of the thin film magnetic head or a thin film transformer. This permalloy 
electrodeposited film is about 80%nickel-Fe alloy film. The permalloy thin film by the 
electrodeposition process has the soft magnetic characteristics which were excellent, without 
performing special heat treatment, forming membranes unlike bulk material. However, it was 
known widely that soft magnetic characteristics will be lost by thermal resistance being bad and 
heat 350 degrees C or more being added. 

[0007] the paper which described the influence by heat treatment of the electrodeposted 
permalloy in IEEE Trans.Magn, Vol.27, No.6, and page4452 (1991) — representation (Nominally) of 
a permalloy ****** — a 82wt% nickel-18wt% Fe alloy film is lifted, and the result is discussed In 
this case, coercive force is 5 Oe above 400 degrees C. Deteriorating rapidly is reported. 
[0008] Moreover, J. Electronic Materials, Vol.2, No.2, and page161 (1973) Then according to the 
abstract and introduction of the paper beginning of a book, it is supposed that the influence by 
heat treatment was considered like the above-mentioned reference about the 80wt% nickel- 
20wt% Fe alloy film as a permalloy electrodeposited film which has soft magnetic characteristics. 
However, suppose that it is true composition of the permalloy alloy film used for the experiment 
82wt% nickel-18wt% Fe in the text which described the detailed content. And it is reported that 
coercive force deteriorates rapidly too with heat treatment of 350 degrees C or more. That is, 
about the heat-resistant difference arising from composition of a permalloy electrodeposited 
film, it is not known at all, but there is no difference between a 80wt% nickel-20wt% Fe alloy film 
and a 82wt% nickel-18wt% Fe alloy film, and heat treatment of an elevated temperature [ film / 
permalloy / by the electrodeposition process ] shows that coercive force was considered to 
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deteriorate. However, in the case of the alloy film of 80wt% nickel-20wt% Fe, in the experiment 
which results in this invention, that there is thermal resistance made about 400 degrees C clear. 
[0009] There is a report that coercive force is low at permalloy composition and 30wt%-nickel 
composition to the Japan Institute of Metals spring lecture convention outline (1993) and 81 
pages about the nickel-Fe alloy electrodeposited film of the larger range. However, the coercive 
force is 1 Oe. It does not correspond to the soft-magnetism film excellent in especially the 
above. 

[0010] moreover, the Magnetics Society of Japan — the coercive force immediately after 
membrane formation of wide range composition of a CoNiFe alloy electrodeposited film and the 
coercive force after 400-degree-C annealing are indicated by Vol.18 and page277 (1994) If the 
behavior of the alloy thin film near a NiFe alloy is seen, above 400 degrees C, it is 1 Oe. It is the 
above. 

[001 1] That is, about the heat-resistant property by composition of a nickel-Fe alloy soft- 
magnetism electrodeposited film, it is not known at all, and it shall not have been obtained by 
soft magnetic characteristics if heat treatment at the temperature which exceeds 350 degrees C 
like a permalloy electrodeposition soft-magnetism thin film is received. 
[0012] 

[Problem(s) to be Solved by the Invention] Although it is low coercive force with the natural 
maximum essential property demanded of a soft-magnetism thin film, in the actual application as 
a thin film MAG device, a heat-resistant property becomes important. That is, it is a laminating 
with other materials, and in order to acquire the property of other materials, processing becomes 
indispensable at an elevated temperature. For example, 300 to 400 degrees C annealing is 
required, using a heat-curing photoresist as an insulating layer. Moreover, in composite with the 
soft-magnetism thin film by vacuum membrane formation, you have to perform substrate heating 
of 400 degrees C or more in many cases at the time of membrane formation. However, since the 
permalloy thin film by the electrodeposition process had been made low [ thermal resistance ], it 
was used only for a process which usually serves as the heat history 300 degrees C or less. 
However, for the highly efficient MAG device, the heat-resistant outstanding soft-magnetism 
electrodeposited film is demanded more. 

[0013] Then, this invention is coercive force also with after [ low ] elevated-temperature heat 
treatment, especially 1 Oe. It aims at offering the soft-magnetism thin film which can realize 
outstanding soft magnetic characteristics called the following, and a thin film MAG device 
equipped with this soft-magnetism thin film. 
[0014] 

[Means for Solving the Problem] Such a purpose is attained by the composition of following the 
(D-(7). 

(1) With a nickel-Fe alloy, the coercive force after membrane formation is 1 Oe. The coercive 
force after receiving heat treatment at the temperature which sets up the content of nickel to 
30 - 80wt%, and exceeds 350 degrees C after membrane formation in the soft-magnetism thin 
film formed by the following soft magnetic materials is 1 Oe. Soft-magnetism thin film which 
maintains the following. 

(2) The coercive force after setting the content of nickel as more than 70wt% and less than 

[ 80wt% ] and receiving heat treatment of 350 ** -520 degree C after membrane formation is 1 
Oe. Soft-magnetism thin film of the above (1) which maintains the following. 

(3) The above (1) whose permeability mu after receiving heat treatment maintains 1000 or more, 
or (2) soft-magnetism thin fi|ms. 

(4) The above (1) which is 0.15<=I (200) / I (11 1)<=0.3 when peak intensity of the field in an X 
diffraction (200) and peak intensity of a face-centered cubic (111) side are set to I (200) and I 
(111), respectively, mainly including a face-centered cubic phase, or one soft-magnetism thin 
film of (3). 

(5) the mean particle diameter {that for which it asked from the half-value width of 2theta of the 
diffraction (111) line of an X diffraction} of the grain after receiving heat treatment — 1 20-370A 
it is — the above (1) or one soft-magnetism thin film of (4) 

(6) The above (1) formed by electroplating, or one soft-magnetism thin film of (5). 
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(7) The thin film MAG device which was equipped with the above (1) or one soft-magnetism thin 
film of (6), and received heat treatment at the temperature which exceeds 350 degrees C once 
[ at least ] in the manufacturing process. 
[0015] 

[Function and Effect] As described above in this invention, magnetic properties do not 
deteriorate to 30 - 80wt% and hot heat treatment which exceeds 350 degrees C since the soft- 
magnetism thin film was especially constituted from a nickel-Fe alloy more than 70wt% and below 
80wt%, but nickel content is 1 Oe. While maintaining the following low coercive force He, 1000 or 
more permeability mu is maintained. 

[0016] Therefore, it can use conventionally as soft-magnetism thin films, such as a thin film 
MAG transformer which uses the thin film magnetic head and the polyimide system insulator 
layer of the MIG (metal in gap) type which receives heat treatment inevitably exceeding 350 
degrees C after the impossible membrane formation of a soft-magnetism thin film. 
[0017] 

[Elements of the Invention] Hereafter, the concrete composition of this invention is explained in 
detail. The soft-magnetism thin film of this invention is formed with the nickel-Fe alloy, i.e., a 
permalloy. Generally this soft-magnetism thin film is the single phase of a face-centered cubic 
(fee) phase. 

[0018] the soft-magnetism thin film of this invention — nickel content — 30 - 80wt% — 
especially — more than 70wt% and less than [ 80wt% ] — especially — 79.9wt(s)% It is desirable 
that it is the following. It is 1 Oe, even if it receives heat treatment at the elevated temperature 
exceeding 350 degrees C, when nickel content is in the above-mentioned range. It is because 
the following coercive force (He) is maintainable. At this invention, they are 0.3 - 1 Oe, especially 
0.3 - 0.6 Oe immediately after membrane formation after 0.3 - 1 Oe especially 0.3 - 0.6 Oe, and 
heat treatment. It has He. In addition, He is usually 60Hz in value. 

[0019] Moreover, the soft-magnetism thin film of this invention is 1MHz after receiving the 
above-mentioned heat treatment so that a high reproduction output and a high conversion 
efficiency can be obtained when it uses for a thin film MAG device. It is desirable that 
permeability mu is generally 1000-5000 1000 or more. 

[0020] It sets to the soft-magnetism thin film of this invention, and the mean particle diameter 
of the grain before heat treatment is 80-1 00A. At a grade, the mean particle diameter of the 
grain after heat treatment is 1 20-370A. It is desirable that it is a grade. In addition, this mean 
particle diameter is the value calculated based on the half-value width (full-width-at-half- 
maximum: Full width at half maximum) of 2theta of the diffraction (111) line of an X diffraction 
(XD). Direct observation according [ this value ] to a transmission electron microscope etc. may 
show a different value, for example, the particle size at the time of membrane formation of the 
alloy thin film of 81.9% of nickel composition — the XD method — 95A it is — transmission- 
electron-microscope observation — 60A about [ a grade and ] — although I am doing one — 
after 400-degree-C annealing of this sample — 408A in the XD method receiving — 
transmission-electron-microscope observation — 3500A it is . However, in transmission- 
electron-microscope observation, it is very a time consuming work, and asking for the particle 
size of many samples is not practical. For this reason, in this invention, the estimate by the XD 
method was used as a particle size. When the mean particle diameter after heat treatment 
exceeds the above-mentioned value, coercive force (He) increases and there is an inclination for 
permeability mu to decrease. Moreover, it is Bs if too small. There is an inclination for He to 
deteriorate. 

[0021] When the soft-magnetism thin film of this invention consists of single phase of a fee 
phase and peak intensity of the fee (200) side in an X diffraction chart and peak intensity of a 
fee (111) side are set to I (200) and I (1 1 1), respectively, it is desirable that it is 0.15<=I (200) / I 
(1 1 1)<=0.3. Coercive force will become it large that it is I (200) / 1(1 1 1)< 0.15. When this value 
exceeds 0.3, a crystal magnetic anisotropy may change and coercive force may deteriorate. 
[0022] The saturation magnetic flux density (Bs) of the soft-magnetism thin film of this invention 
is 0.8-1. 8T. It is desirable that it is a grade. This Bs It is the value measured by VSM. In addition, 
according to the experiment of the artificers of this invention, this saturation magnetic flux 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



03/10/02 



4/10 s<—is 



density (Bs) was changeless before and behind heat treatment. 

[0023] Therefore, the soft-magnetism thin film of this invention is very useful as a magnetic thin 
film for a thin film head or thin film transformers. Especially, effects, such as the improvement 
effect of the over-writing property of the MIG type magnetic head, are expectable. 
[0024] As for the soft-magnetism thin film of this invention, it is desirable to produce with 
electroplating, such as a Watts-bath system, a chlorination bath system, a sulfamine bath 
system, and a sulfuric-acid bath system. Fe ion and nickel ion contain in the plating bath used at 
this time. As for each concentration of Fe ion and nickel ion, it is [ that what is necessary is just 
to choose suitably the concentration of Fe ion under plating bath, and nickel ion according to the 
film composition made into the purpose ] usually desirable to carry out to to 0.01 mols/l. - the 
solubility limit respectively. If the concentration of each metal ion becomes low, a metaled 
deposit speed tends to fall and it is not practical. As for the source of supply of each ion of Fe 
and nickel, it is desirable to choose from water-soluble salts, such as a sulfate, a sulfamate, 
acetate, and a nitrate, and it is desirable to use a sulfate especially from a cheap thing. 
Moreover, Fe ion can also be supplied by being immersed during a plating bath, and carrying out 
the natural dissolution of the metal, or dissolving an anode plate by electrolysis. 
[0025] It is desirable that it is desirable 2-10, and to set especially pH of a plating bath to 2-4, 
and they make the 10-80 degrees C especially of the degrees of bath temperature 20-45 
degrees C. A good plating film can be obtained by making pH and temperature of a plating bath 
into the above-mentioned range. On the other hand, if pH becomes low, a metaled deposit speed 
will fall, and if pH becomes high, a work environment will become bad by generating of ammonia 
gas etc. Moreover, if the degree of bath temperature becomes low, a metaled deposit speed will 
fall, and the stability of a bath will not be acquired if the degree of bath temperature becomes 
high. 

[0026] You may make an organic brightener contain during a plating bath. As an organic 
brightener, saccharin is desirable. It is desirable 0.5g [ I. ] /or more, then to carry out an addition 
in 1-6g/L in consideration of consumption in use etc., although it is enough. In addition to this, 
you may make the component added to the usual electroplating baths, such as surfactants, such 
as a sodium lauryl sulfate, a boric acid, and an ammonium chloride, contain suitably during a 
plating bath. Moreover, you may add organic-acid ion, a reducing agent, a chelating agent, etc. as 
a stabilizing agent suitably, making it in addition, more desirable for trivalent Fe ion to exist 
during a bath rather on general conditions, since it not only does not produce precipitation, but 
an effect is in He fall when a stabilizer or chelating agents (complexing agent), such as a citric 
acid and a tartaric acid, are added, although trivalent Fe ion produces precipitation and is not 
desirable 

[0027] In addition, you may remove the particle and hydroxide under plating bath by continuation 
filtering. 

[0028] From a viewpoint of particle removal, insoluble TiPt and the ferrite electrode of an anode 
plate are desirable. However, since oxidation reaction occurs in an anode plate, it is desirable to 
dissociate with the cathode section, for example by ion exchange membrane. 
[0029] the current density at the time of membrane formation — 0.1 - 10 A/dm2 ** — carrying 
out — desirable — further — 0.2 - 5 A/dm2 ** — carrying out is desirable Current density is 
made into the above-mentioned range. Therefore, a good plating film can be obtained. On the 
other hand, if current density becomes small, a metaled deposit speed will fall, if current density 
becomes large, the grain size of the metal particles in a film will increase, there is an inclination 
for internal stress to also become high, and coercive force He declines. The alternating current 
combined use type performed to pulse electrolysis or the cathode dissolution besides a direct 
current is also possible. 

[0030] As a solvent of a plating bath, a non-drainage system solvent, for example, methyl 
alcohol, a dimethylformamide, ethyl alcohol, propylene carbide, fused salt, etc. are [ other than 
usual water ] usable. 

[0031] You may make one or more sorts of elements chosen from Cu, Cr, Sn, Rh, Pd, Mn, P, B, 
Zn, Sn, Pt, etc. contain in the form where some of Fe(s) and nickel are replaced, at the soft- 
magnetism thin film of this invention. A content is 3wt(s)% of the whole. Considering as the 
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following is desirable. 

[0032] In addition, although minute amount content of C and the S may be carried out into a film, 
since these things have big influence on magnetic properties, cautions are needed. It is 
specifically [ both ] 1 000 ppm. It is desirable that it is the following. 

[0033] That what is necessary is just to determine suitably the thickness of the soft-magnetism 
thin film of this invention according to the purpose, especially a limit is usually 0.5-10 
micrometers, in order to obtain low coercive force, although there is nothing. When considering 
as a grade is desirable and it applies to the thin film magnetic head, it is 0.5-4.5 micrometers. 
When applying to a grade and a thin film transformer, it is 3-7 micrometers. Considering as a 
grade is desirable. 

[0034] Next, one example of the structure of the thin film magnetic head which used the soft- 
magnetism thin film explained above is explained. 

[0035] In drawing 1 , a sign 1 is the thin film magnetic head, and this thin film magnetic head 1 is 
the so-called MIG type thin film magnetic head which has an insulating layer 3, the lower 
magnetic pole layer 4, the gap layer 5, an insulating layer 6, the coil layer 7, an insulating layer 8, 
the up magnetic pole layer 9, and a protective layer 10 one by one on a slider 2. 
[0036] What is necessary is for ceramics, a ferrite, etc. just to constitute that what is necessary 
is just to use well-known various things conventionally as a component of a slider 2. In this case, 
ceramics especially the ceramics which make aluminum2 03-TiC a principal component, and 
Zr02 The ceramics which make a principal component the ceramics made into a principal 
component, the ceramics which make SiC a principal component, or AIN are suitable, in addition 
— these — as an additive — Mg, Y, Zr02, and Ti02 etc. — you may contain Terms and 
conditions, such as a configuration of a slider 7 and size, may be which well-known things, and 
are suitably chosen according to a use. 

[0037] An insulating layer 3 is formed on a slider 2. a thing conventionally well-known as a 
material of an insulating layer 3 — each — usable — for example, Si02, glass, and aluminum 
203 etc. — it can use The thickness and the pattern of an insulating layer 3 may be which a 
well-known thing, for example, thickness is 5-40 micrometers. It considers as a grade. 
[0038] A magnetic pole is usually prepared like illustration as the lower magnetic pole layer 4 and 
an up magnetic pole layer 9. As for the above-mentioned up magnetic layer 9, it is desirable to 
consist of the 1st, the 2nd and the 3rd magnetic film 9-1, 9-2, and 9-3. It is desirable to use the 
soft-magnetism thin film of this invention in this invention as the 1st and the 3rd magnetic film 
9-1 of the lower magnetic pole layer 4 and the up magnetic pole layer 9, and 9-3. The pattern of 
the lower magnetic pole layer 4 and the up magnetic pole layer 9, thickness, etc. may be which 
well-known things. For example, both magnetic pole layer thickness is 1-5 micrometers. What is 
necessary is just to consider as a grade. As the 2nd magnetic film 9-2 of the above-mentioned 
up magnetic layer 9, they are Bs(es), such as FeTaN, FeZrN, FeNbN, and FeN. 1.5T High Bs of a 
more than It is desirable to use soft magnetic materials. 

[0039] The film of such an Fe-N system serves as structure which nitride particles, such as Ta, 
distributed uniformly to the microcrystal of alphaFe (alpha iron) with heat treatment although it 
was in the amorphous state at the time of membrane formation, and soft magnetic 
characteristics are improved. This annealing temperature usually has 400 to desirable 550 
degrees C, and sufficient annealing effect is acquired above especially 500 degrees C. 
[0040] If such annealing is performed, although the 1st magnetic film 9-1 of the lower magnetic 
layer 4 ****(ed) previously and the up magnetic layer 9 will also receive the heat by this 
annealing As described above, even if it receives such heat treatment in this invention, the 1st 
magnetic film 9-1 of the lower magnetic layer 4 and the up magnetic layer 9 The He is 1 Oe. 
Hereafter, mu maintains 1000 or more, and the good property has been maintained, consequently 
the thin film magnetic head of a high property can be obtained. 

[0041] The gap layer 5 is formed between the lower magnetic pole layer 4 and the up magnetic 
pole layer 9. the gap layer 5 — aluminum 203 and Si02 etc. — what is necessary is just to use 
well-known various material Moreover, the pattern of the gap layer 5, thickness, etc. may be 
which well-known things, for example, thickness is 0.2-1.0 micrometers. What is necessary is just 
to consider as a grade. 
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[0042] What is necessary is for there to be especially no limit in the quality of the material of the 
coil layer 7, and just to use metals usually used, such as aluminum and Cu, for it. What is 
necessary is for there to be no limit also about the winding pattern and winding density of a coil, 
and just to carry out selection use of the well-known thing suitably. For example, about a winding 
pattern, a laminating type besides the spiral type of illustration, a zigzag type, etc. may be any. 
Moreover, what is necessary is just to use the various gaseous-phase covering methods, the 
galvanizing methods, etc., such as a spatter, for formation of the coil layer 7. In the example of 
illustration, the coil layer 7 is arranged between the upper part and the lower magnetic pole layer 
4, and 9 in the shape of a spiral as the so-called spiral type, and insulating layers 6 and 8 are 
****(ed) between the coil layer 7, the upper part and the lower magnetic pole layer 4, and 9. 
[0043] When each what are conventionally well-known is usable, for example, a spatter performs 
thin film production as a material of insulating layers 6 and 8, Si02, glass, and aluminum2 03 
grade can be used. 

[0044] Moreover, a protective layer 10 is ****(ed) on the up magnetic pole layer 9. a thing 
conventionally well-known as a material of a protective layer 12 — each — usable — for 
example, aluminum 203 etc. — it can use In this case, each what have a conventionally well- 
known pattern, conventionally well-known thickness, etc. of a protective layer 10 is usable, for 
example, thickness is 10-50 micrometers. What is necessary is just to consider as a grade. 
[0045] In addition, in this invention, you may carry out the laminating of the various resin coat 
layers etc. further. 

[0046] The manufacturing process of such the thin film magnetic head is usually performed by 
thin film production and pattern formation. What is necessary is just to use for thin film 
production of each class conventionally the well-known gaseous-phase covering method which 
is technology, for example, a vacuum deposition method, a spatter, or the galvanizing method, as 
described above. The selective etching or the selection deposition which is well-known 
technology can perform pattern formation of each class of the thin film magnetic head 
conventionally. What is necessary is just to use various kinds of wet etching and dry etching for 
etching. 

[0047] The thin film magnetic head of this invention is used combining an assembly with a 
conventionally well-known arm etc. 

[0048] In addition, high Bs The resist heat-treatment in the photo lithography process in the 
case of configuration processing of an insulating layer or a protective layer (about 350-450 
degrees C) can be substituted for heat treatment (annealing) which is performed to a magnetic 
pole film and which was mentioned above, moreover, the case where a spatter performs 
formation of an insulating layer or a protective layer — plasma and substrate heating — a 
magnetic pole layer — 350**- 520 degrees C, since a temperature up can be especially carried 
out even to the temperature of about 360-520 degrees C, this is also replaceable with the 
aforementioned heat treatment Even when the soft-magnetism thin film and soft-magnetism 
multilayer of this invention are heat-treated at temperature of this level, good soft magnetic 
characteristics are obtained. 

[0049] The soft-magnetism thin film of this invention is [ other than the various above- 
mentioned magnetic heads ] applicable to various soft-magnetism parts, such as a thin film 
inductor, etc. 
[0050] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is 
further explained to a detail. 

On 1 10mm x10mmx0.1mm the glass of ** of examples, it is 500A about NiFe by the spatter. The 
substrate which formed membranes was used. It was immersed in 1 N-hydrochloric acid (ordinary 
temperature) for 30 seconds as plating pretreatment, and after rinsing, the soft-magnetism thin 
film sample was formed on the following plating conditions. 

[0051] The auxiliary cathode was formed in the circumference of the substrate under plating 
bath with the copper plate. The configuration of the whole cathode has the shape of a 3 inches 
disk, and used the TiPt board of the diameter of 4 inch for the anode plate. The cross section 
performed paddle stirring for stirring from cathode with the period of a between by /60 times in 
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the 2mm place using the triangular paddle. Plating liquid was considered as the following 
composition and the total amount could be about 7L 

[0052] A plating bath composition (inside of 11.) nickel sulfate, and 6 monohydrate 80-350g 
ferrous sulfate and 7 monohydrate 4-200g boric acid 25g ammonium chloride 15g saccharin 2g 
surfactant Minute amount [0053] For pH of 20-40 degrees C and a plating bath, it considers as 
for 10 minutes and plating bath temperature is [ 2-3.5, and current density / 0.6 - 2 A/dm2 and 
plating time ] 300 Oe. Electroplating is performed impressing a direct-current magnetic field, and 
it is 2 micrometers in thickness. The soft-magnetism thin film sample was obtained. In this case, 
the thing of various composition was obtained by changing the ratio of concentration of the 
metal ion under bath. Moreover, different composition was acquired with plating bath 
temperature, pH, current density temperature, etc. each sample — 2kOe Impressing a magnetic 
field, at the vacuum-heat-treatment furnace, 300 degrees C, 400 degrees C, 450 degrees C, 500 
degrees C, 600 degrees C, and temperature were changed, it came out, and annealing for 30 
minutes was performed. 

[0054] About each obtained sample, they are the coercive force He after composition and heat 
treatment (Oe), and saturation magnetic flux density Bs. (T) Mean-particle-diameter [ of the 
grain from permeability mu and an X diffraction ] d (A) And I (200)/I (111) was measured. In 
addition, in Table 1 and 2, "as" shows the sample in front of annealing, and "300", "360", "400", 
"450", and "500" show the annealing temperature of each sample, respectively. 
[0055] The following performed measurement. 

[0056] (Composition) It measured using X-ray fluorescence equipment and ICP. 

[0057] (Coercive force He) It measured in 60Hz with the alternating current BHH marker. 

[0058] (Saturation magnetic flux density Bs) It measured by VSM. 

[0059] ((mu) Permeability) They are 5MHz and 3mOe by the character coil magnetization method 
of 8. It measured. 

[0060] (X diffraction) It asked for the intensity of the peak of each side using Cu~K alpha rays 
(50kV, 40mA). 
[0061] 
[Table 1] 
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[0062] 
[Table 2] 
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[0063] It is 30 whose content of nickel is [ in / a permalloy / so that clearly from Table 1 and 
Table 2 ] this invention range - 80wt%. It is 1 Oe, even if it solves, it exceeds 350 degrees C and 
it receives heat treatment of 400 degrees C or more. The following low coercive force is 
maintained. Moreover, 70wt(s)% which is the content of especially desirable nickel It is 80wt% 
above. It is 10e even if it receives heat treatment to about 520 degrees C in the following. The 
following low coercive force and 1000 or more quantities mu were maintained. 
[0064] The MIG type thin film magnetic head as shown in example 2 drawing 1 was produced as 
follows. 

[0065] An ARUTIKKU (AITiC) substrate is used for a slider 2, and it is Si02 on this. An insulating 
layer 3 is formed by the spatter and it is 3 micrometers about an electroplating permalloy 
magnetic layer as a lower magnetic pole layer 4 at electroplating on it further. Membranes were 
formed. 

[0066] Furthermore, a spatter is formed for an alumina film as a gap layer 5 on the lower 
magnetic pole layer 4 on it, and it is Si02 like the above again on this. The insulating layer 6 was 
formed. 

[0067] A copper-sulfate plating bath is used for the coil layer 7 on this insulating layer 6, and 
membranes are formed with electroplating, and it is Si02. The insulating layer 8 was formed in 
the spatter. 

[0068] Subsequently, 0.5 micrometers A permalloy is formed with electroplating as the 1 st 
magnetic film 9-1 of the up magnetic pole layer 9, and it is [0069]. Besides, it is 1.0 micrometers. 
Membranes were formed in the spatter by making a FeTaN film (Bs =1.6T) into the 2nd magnetic 
film 9-2. 

[0070] It annealed on condition that the following and the magnetic properties of a FeTaN film 
have been improved. 

[0071] Subsequently, it is 2.5 micrometers about the 3rd magnetic film 9-3 of a permalloy at 
electroplating. Membranes were formed, the protective layer 10 was formed with the alumina by 
the spatter on this, and the sample of an example and the example of comparison was obtained. 
[0072] 

Example 2 For electroplating composition 78.5wt% nickel [ of a layer and a film 4, 9-1 and 9-3 ], 
and annealing 450degree C, and 30 minutes. 

Example 1 of comparison For electroplating composition 81.5wt% nickel [ of a layer and a film 4, 
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9-1 , and 9-3 ], and annealing 450degree C, and 30 minutes. 

Example 2 of comparison For electroplating composition 81.5wt% nickel [ of a layer and a film 4, 
9-1, and 9-3 1 and annealing 300degree C f and 30 minutes. 

[0073] The above sample is used and it is Hc=2300 Oe. Record reproduction was carried out at 
the magnetic medium, and over-writing (OW) and the S/N property were evaluated. The following 
of the result is carried out. 



[0075] It turns out that OW and S/N are excellent in the example of this invention. Especially, 
improvement in S/N was remarkable. 

[0076] In addition, since the 3rd magnetic film of the up magnetic layer 9 does not have an 
annealing process, it is possible also at 81.5wt% nickel composition. 



[Effect of the Invention] According to this invention, the soft-magnetism thin film of Quantity mu 
is obtained by low He also after heat treatment. 



[Translation done.] 



[0074] 



^58609 2 

tmmi 

Jt«EM2 



OW 
3 5dB 
3 3dB 
2 8dB 



S/N 
3 5dB 
2 5dB 
2 3dB 



[0077] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing J] It is the cross section showing the example of lamination of the thin film magnetic 
head using the soft-magnetism thin film of this invention. 

1 Thin Film Magnetic Head 

2 Slider 

3 Insulating Layer 

4 Lower Magnetic Layer 

5 Gap Layer 

6 Insulating Layer 

7 Coil Layer 

8 Insulating Layer 

9 Up Magnetic Layer 

10 Protective Layer 



[Translation done.] 
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*Bta**tiKi;asGiiR-mtfj:<, a*. F.cf* 20 
x ni-t t^-rnt>. #*o. 01^ 

^tX. HfflWC75:^. Fe, N i <D&Ur><0&&M 
^tt©^&S#?TS^t*W^L<. ^ffiT^-S^lt 

£"bT*S. 30 
[0 0 2 5] Ji)9fj§0pH(12~l 0, j»fc2~4i 
T*£fc*«ff*b<. Sffigtel 0~8 0*C, WC2 0 

cftCSl/, pH#<g<fc5<h&JiI© 
frHtiiftftSfiTU pH*^<^S«tT>^7^© 

[0 0 2 6] *^#B+Ktt. #Wttaa9Sa*f3-8:T 40 

**. «UBl'Oil!«J*#*bTl~6^A/«Jy 

U;HS^h'J^A^©#ffiffitt^J, frtffc. 8^7" > 

tirstTWiri. *fc. Jig. 3fc£flswtUT#«» 

L ?X>&. S51W©5fc£S!lfc^U*U- 50 



6 

F e -f *>£?S4> KH¥fiEStt535f**HF* b ^. 

[0027] aae7^;^u>^fc«fco*o#» 
[0028] bsb. «ra^K8S©s£a* &'«*»&© 

T i P t. 7i7-f hS@*W*bK b^b. BSC 

o Heftff tftmtz c tats* 1 k 

[0 0 2 9] JjfcHPf ©«8ft?&gtt, 0 . 1~1 0 A/dm* 
tnctWSK. S6lc ttO. 2~5A/dmZ t 

2tb. m^g#/h$<&3£&P©tfffiiig;WgT 
b. «pii^A^#<^:^tK+©^Sia^©S[ : f-9-'f 

[0 0 3 0] *o#»©*«ttUTtt, »#©*©«£ 

[0 0 3 1] *%H©ttaH£*R-?tt. F e. N i ©— 

gR5rSg|-r^^T. Cu. Cr. Sn, Rh. Pd. M 
n. P. B. Zn. Sn. P t «d>&8ft3tt£. 1 
±©7C^^-& : tSti:T ! bi^ <> £«-Stt£{|c©3wt% & 

[0 0 3 2] KtfcttC, s««mtsn4c 

&S©T£K#t&S&&«. *#:»tC«*{C 1 0 0 Opp 

[0033] *^w©«)cmtt^is©^$tt, sncj&i; 

fflS. 0. 5~1 Oum egitsc 

0. 5~4..5/tig«, «Rh5>XCaffl"rs»^ 
fi3~7 urn m&£t&Z.£im&V\r>. 
[0 0 3 4] friz. £UR9il/fcttBtt*K«ttfflU^ 
»««»^y.H©«lifi01-«lCOV>TI!iiHi-*. 

[ 0 0 3 5 ] 0 1 lc*^T, 1 ttSK^m^y H 
T. ^©^Kam^yHUJ. X7<^2±JC, ^09 
3. TglHKIIjf 4. ^ty^l5. *61iS6. 3-f;Wi 

7 . tmm 8 . ±SKfis@H 9 iszv&mm 1 o 

[0 0 3 6] X7-f^2©IMfitLTIl 
©a^©fe©*ffl^ntf«k<. HAtft75i»^7, 7 

^X. ^{CA 1 2 O3 -T i C64«»tt5t7Sy 
i7X. Zr0 2 *3£JSji7>i"f*"t75y^X» S i CS 
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tl/TMg, Y, Zr0 2 > T i O2 ^#£W£*IT^ 

[0037] X7^y2±i:(t $a&H3d^fiK^n 

fflnJtg-eS9. S i O2 , ^7X, A 1 2 O3 

itei&l3 0)lP^;i^->« 

&»©<5Ttl©fc©T&oT ! &«fc<, GfRfflUPte. 5~ 

4 0 no. ggt-rs. 

[0 0 3 8] ii^. 0jK©«k5K. ~F%H&MM 

.tt. fgl. !f§2:fcj;tffll3mttlg|9-l. 9-2. 9- 

B&m@JI 4 iJcfc^^m^l 9 ©|g 1 tSB 3 ©B&ttlgi 9 
-1. 9-3fcUT, **W©Ht«tt«R*ffl^*^i: 
T8WM4*J:tf±*«1iJi9©/<*- 

x R*«tt^©frvfn©b©?&:>Tfej:b>. w*. 

«ilfiB&Jf ©JPStt 1 ~ 5 Mm 8«£fftti«fcV>. ±12 
±§IS&teJI9©Sg2&ttBi9-2i:bTf;i, FeTa 
N. FeZrN, FeNbN, FeNfOBs *U. 5 
T £l±©BBs 
[0 0 3 9] Z.<D*.51lF e-N&vmttiaaRtZltT 

tt» 3*. 4 0 5 5 O'CaWScK. W»C5 0 

[0 0 4 0] £©£?&> 7--^*ff5t. fttcKl 

an&T«Btt» 4 * ±ffl8&i 9 ©sg 1 m&m 9 

-1 t>C©7=-;HrJ:*l»4attTU*33&t. ±Eb 
&«fc3lc. *$Mmc;feViTW:. £©«fc5fc&*a?l£gtt 

-ltt, fOHcffl Oe KT. /itfl 0 0 0£U:£Ji 

[0 04 1] TSB&Slf 4 43 .fctf ±fflttM 9 ©IWKtt 
**y7*M5*«»JJt;£n*. ^v<yyS5tCtt» Al 2 

03., s 102 «£^©a*©#*i£Aifr>tttfj:fr>. * 

©T&t>TfcJ:<. 0tJ*.tf. HJPfiO. 2~1. 0/im 

[0 042] a^;WB7©#Rfctt1*fc:eilRa:&<, 3 
siv^n^Ai, cu^©^jg*ffl^nfi«fc^. 

>jc-3t>Tta. i*fflx/H7;noi« wis. 5?^ 

tfi'SMMWiTfcoT'bJ:^. Sfc. 3<;Hf 7©J£fi£ 
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titter. m^mv\t^)im7\t. 

B4. 9Klfc:ttJfijRjB6. 8*»RH*nT^*. 

[0 04 3] *6gtH6v .8©tm£bTtttt*4H0©'b 
©ttMnfefejBWlfi&D. «jttf. ItttfWfcX/'W 
*ISKJ:Dfrfc5fc3Ctt. S i0 2 , ^77, All 

[0 044] Sfc, ±g5fiB&Jf 9 ±(Cli£KJ| 1 0 tfK 

10 SSn*. &&B1 2©*m£LTtet£*^©fc©tt 

£**T**. £©«&. Kill 0©/t>->*BUMf 
tt«5fc»»©"b©t4V»-m"bfiMpIHT*D. 0dx.«ffii 

.fftt 1 0 ~5 0 v ■ gg<h-rn«ck^. 

[0 04 5] &$3. *36WTHS6fc*«Wl3-Hi 

[0046] z\<D£?te.mmmis.<\y k©wbis«, 

ftH©*BlffKfctt, ±fELfc<fc?C, fE*£*l©&ifi 

>^s-5 viaaK^^s/ a >c i 0 ff & o z. ttfinz 

[0 0 4 7] *mW<Dmmm%.'\y Ktt. 7-A^©t¥ 

3fc&»©7-fe>yj-ta*^to-eT4efflsns. 
[0048] &*5> igBs a@M(rjs$n^m^t^ 

MS (7--JW tt. IMJI'^ftffJI©»KAlX©IR© 

30 7*hUy^?7-f-ia*©U^hJ0!(!HaS (35 
0~4 5 0'C@g) Tftfli'tSCt^T**. IS 
«l^ffWi©»l«*^f ^ttlc«tDfT3a:"5»^. y 

yx-?^m&tiam\z£9mmm$:3 5 oe~5 2 or:. 
#tc3 6 o~5 2 o*cgg©ia&i;:*T?#fiTr§r5© 

[0049] *f89i©«catttivita. ±&vtz&mm§s. 
40 »K:3Wi"f*::i« J Tr**. 

[0 0 5 0] 

1 Ommx 1 OnunXO. lmmJ¥©*7X±lC. T./l-y^ft 
(CiON i Fe£5 0 OA * 

50 [0 0 5 1] J?)-p€r?§*©S«©Jiffl{Ctt^ST^a* 
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■*Ktt4-f >?S©T i P t1££&fflbfc. Si 

^afffia*=a»©/t f;v£/b<a, 6 0 ®/#®<Dm 

WiTtBiKfiSt U ^©Igftfii® 7 U y h^t bit. 
[0 0 5 21 fopg&MEE (1 'J»y 
jffllzjrir* - 6#t£ 8 0 ~ 3 5 0 g 
Sit$Sg-&- 7*il 4~2 0 0g 

2 5g 

JfifcT^^A 1 5g 10 

it-y*'J> 2g 

[0 0 5 3] tbi%®Umtt.2 0~4 0 t C. £o#*§© 
pHtt2~3. 5, nffi®&\t0. 6~2A/dm2 , *o 
1 OflJBfcU 3 0 0 Oe ©iISiEa#^BJJ!jnb 

o#?sas. ph. mffi®&u&m\z&^Th. m^z 
&tfti)m*>nrz. &-*>?mz^x. 2k0e 20 
WJtab^^^K^Ma^t-Ts 0 cc, 40 or, 4 

5 0t. 5 0 0*0. 6 0 0X:tUg.Z$tx.. T3 0#ia 
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[O054] #6nfc&-tJ->y;nco^T, fiA. 
S&®&J82>Hc (0e) r &iummBZBs (T) , 

(2 0 0) /I (1 1 1) £aS5£bfc. SlfcJ; 

a%2(c«^T. r a sj te7^-)Vift<D*)->7)i&. 

T3 00J, T3 6 0J, T400J, r45 0j43<fc 

u rs 0 oj & j *>-?)i><D7--)i&m$: j tn j en 

[0 0 5 5] Jll^ttTIE(C«fcDfTofc„ 
[0 0 5 6] (jfijfc) SftXglfl-flf gg, I C P ^ 
TSlJtbfc. 

[0 05 7] WH'c) SSB-HUz-lh-CJ: 
D 6 OHzKTlRISbfc. 

[0 0 5 8] (tSfPS^^«Bs ) VSMC<kD8!l5fcb 
fc. 

[0 0 5 9] (jSB*m) 8©^n-r;^{Ci0 5MHz 
> 3m0e 

[0 0 6 0] (Xltpff) Cu-KaH (5 OkV, 4 0 
□A) SB© 
[0 0 6 1] 
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m. 2 (1-2) 
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460 
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[0 063] gl, &2frt>Wmt3.£?\Z. A-VU^f 
K&^T. N i CD^tttt*^^l5HTfeS 3 0~8 0 

wt% ©£#. 3 5 0"C£gx.. 4 o ox:u±<D®Mm& 

SttTfc, 1 Oe £kT<Dl&®Ml)$:mm-?Z 0 ft 
ICff£U>N i ©^WftT*5 7 OwtX EJLt. 8 OwtS 
5 2 Orgg£T©.fM£§ttTtK lOe 

RTOffifiUSS^, 1 0 0 0RJt©ig/z£#ofc. 

[OO6 41HJS0H2 
Eltc^fi-pi^MI GS^iSm'Ny h*£#©<fc5K 30 

[0 06 5] X y 2 \Z\t.T JV^ 4 •vi' (AITi 
C) ^©±CS i 0 2 ©i|ftg:jl3£X/'W 

fc. 

[0 0 6 6] £Sfe:^©±K:Tg&Mf 4±l;i, fty 

©±tfft;±iH tisiitics i o 2 xt&mm 6 

fc. . 40 

[0067] t<Dtm.m&±.\t^)vm7^mm^ 
%®*m^m%it)r>zmzximv* sfcs i o 2 mm 

[ 0 0 6 8 ] &lrV£, 0. 5 Mm ©A-VP-f 
o £&KT±gBSB4Ill 9 ©m 1 ©attH 9 - 1 t LTJ$ 
KU 

[0 0 6 9] 31©±(C. 1. 0/iB ©FeTaNKB 
s=l. 6T ) ^2^ttH9-2«htT7.A->^ftt 

[0 0 7 0] TIB©^fr-C7^--»H^FeTaN^©a 50 



.7 8. 
Jt««l 

^8 1. 
ifcS092 
&f£8 1. 



[0 0 7 1] ^X\ flftpJCTA-Tn-fgSi 

ftK9-3^2. 5mid^l> z.(d±\z. &mmio 
*7,Ky*?mz£.z>7)v^-rx'm$LL. nffiM&zzfit 

[0 0 7 2] 

12 Bi><fctf|gi4, 9-1. 9-3©«^«i)-3# 
5wtX N i . 7^— )VA 5 0"C. 3 0#Pi3. 
B33«fctfB£4. 9-1, 9-3©m^*^^ 
5wtX N i . 7^— ;i/4 5 Ot:, 3 0m 
Jfi5«fctfB£4, 9-1. 9-3©m^«?)-3# 
5wt* N i . 7—— )VZ 0 0"C. 3 Oflfal. 
[0 0 7 3] «±©+)->y;P$rffl^T, Hc = 2 3 0 0 

oe <Dmf5.mmzamn<k\s*-rt-y'( h (ow> . 

[0 0 7 4] 

OW S/N 

-3 5dB 3 5dB 

-3 3dB 2 5dB 

-28dB 2 3dB 

[0075] ow, s/Nth\z*%w<D$zmmmn 

[0 0 7 6] 9 ©K$ 3 m\±m\t7-- 

)VXmi)^WXS 1. 5vt% N i Sa^TfcnlfilT* 

[0 0 7 7] 

[^b^©5S*] *560jtc«tn«. iiftjaa^TfeigHc-e 
nzn<D®.®.&mmt)m*>nz>. 
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